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Title: 

ACTIVE . IMPEDANCE CONVERTER 
TECHNICAL FIELD 

The present invention relates to an active impedance converter 
circuit with a first side with complex impedance and a second side 
with complex/resistive impedance. The present invention also 
relates to a splitter for splitting a subscriber line into a first 
transmission branch including a low pass filter for providing 
telephone service signal transmissions along said subscriber line 
and a second transmission branch including a high pass filter for 
attenuating said telephone service signals and for providing high 
rate digital data transmissions along said subscriber line. The 
invention also relates to a termination of a twisted pair 
telephone transmission line for delivering two-way service 
including low frequency band telephone signals and high frequency 
band digital subscriber line signals. 



STATE OF THE ART 

In the field of conventional twisted pair telephone transmission 
lines for delivering two-way service, there is a growing world- 
wide interest in providing high rate digital transmission over the 
copper access network (POTS) . This is due in part to the desire to 
take advantage of the large installation base that already exists, 
without the need to wait for the deployment of fibre lines in the 
access network. Examples of such systems include Asymmetric 
Digital Subscriber Line (ADSL) and a very high speed version 
3 0 (VADSL) . 
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A vital part of this technology lies in its ability to 
simultaneously support secure telephony while delivering the 
broadband service. This facility obviates any need for extra 
copper pairs which would otherwise destroy the big advantage over 
5 fibre installation. To enable this, the telephony signals are 
separated from the ADSL signals by means of a pair of splitters, 
one in the central office and one at the customer's premises. 
Thus, the splitters provides the filtering required to separate 
the POTS and the ADSL bands before being input to their respective 
10 transceivers. Normally there is a low pass filter between the 
telephone and the line, and a high pass filter between the ADSL 
transceiver and the line. The insulation generated by the splitter 
is important for power limiting and for the removal of transients. 

15 In many countries, POTS uses complex, i.e. capacitive impedances 
for termination and balance in the transmission bridges at 
telephone and central office. The introduction of the ADSL 
technique into POTS will not be successful if it involves a 
reduced quality in the transmission of speech or if the digital 

2 0 signals are influenced by transients in the POTS. For example, the 

speech quality may be impaired by echo, sidetone or transmission 
loss. On the other hand, the digital signals may be influenced by 
the low frequency POTS signalling voltages. 

25 A passive inductance-capacitance filter within each respective 
passband has an almost entirely resistive impedance. This 
necessitates some form of impedance conversion, to meet demands 
from the operator that operational damping and reflection damping 
should be measured against a complex impedance. The impedance for 

3 0 POTS signalling frequencies must be high for an unterminated 

filter. Usually, the impedance converter function of the impedance 
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converters is 1 for this freo^ency, and therefore chfi 
the low pass filter must be high. 



A splitter having an active impedance converter is described in 
5 "ADSL and VADSL Splitter Design and Telephony Performance" by 
John Cook and Phil Sheppard, IEEE JOURNAL ON SELECTED AREAS I N 
COMMUTATIONS, VOL. 13 . NO. S, DECEMBER 1995 . This impedance 
converter is provided with an amplifier which has more gain for 
low frequencies than for high frequencies. As a consequence of 
( this, a high inductance transformer is needed which causes 

problems with a high leakage inductance for high frequencies a 
separate filter is needed for frequencies below 300 Hz in order to 
quench the 25 Hz POTS ringing signals, or the 50 or 60 Hz electric 
power supply transients. The impedance for the filters will be too 
low so that the parallel capacitances will load ringing signals 
and xmpulsing for POTS excessively. 

SUMMARY OF THE INVENTION 

one object of the invention is therefore to provide a simple and 
efficient active impedance converter which reduces the above 

described problems. 

According to the invention, this is accomplished by means of an 
actxve impedance converter circuit with a first side with complex 
impedance and a second side with complex/resistive impedance 
which circuit is characterized in an amplifier which is connected 
to saxd first side of the circuit, and which amplifier is adapted 
to provide low gain for low frequency signals and to change over 
to provide more gain for high frequency signals. 
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In a particular embodiment of the invention, the amplifier 
comprises a capacitor, a first resistor, an operational amplifier 
and a second resistor. 

5 According to another embodiment of the invention, the capacitor is 
connected in series with the first resistor and said first 
resistor is connected in series with the operational amplifier 
which is connected in parallel with the second resistor. 

10 Preferably, first the capacitor acts as a block for direct £ 
current, and secondly it is dimensioned to function as a provider 
of reactance . 

According to still another embodiment of the invention, the 
15 amplifier is connected to a subscriber line via a transmission 
line bridge comprising three co-operating transformer inductor 
coils which are connected to said subscriber line for providing a 
balancing impedance. This version of the invention is a simple and 
efficient means for providing balance damping as well as damping 
20 of longitudinal interferences. 

Preferably, the amplifier is complemented by an additional 
amplifier. This version of the invention provides efficient means 
for driving the transformer inductor coils. 

25 

A preferred embodiment of the invention is used for separating 
ADSL signals from mixed ADSL and POTS signal transmissions along a 
twisted pair telephone transmission line. 

30 The splitter according to the invention comprises an active 
impedance converter circuit with a first side with complex 
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impedance and a second side with complex/resistive impedance, and 
is characterized in that the impedance converter circuit comprises 
an amplifier which is connected to said first side of the circuit, 
and which amplifier is adapted to provide a low gain for low 
5 frequency signals and to change over to provide more gain for high 
frequency signals . 

The termination in accordance with the invention comprises a 
splitter for splitting a subscriber line into a first transmission 
n .O branch including a low pass filter for providing telephone service 
signal transmissions along said subscriber line and a second 
transmission branch including a high pass filter for attenuating 
said telephone service signals and for providing high rate digital 
data transmissions along said subscriber line, said splitter 
15 comprising an active impedance converter circuit with a first side 
with complex impedance and a second side with complex/resistive 
impedance. This termination is characterized in that the impedance 
converter circuit comprises an amplifier which is connected to 
said first side of the circuit, and which amplifier is adapted to 
provide a low gain for low frequency signals and to change over to 
providing more gain by means of high frequency signals. 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will in the following be further described in a non- 
25 limiting way with reference to the accompanying drawings in which: 
Fig. 1 is a circuit diagram showing the active impedance 

converter circuit according to a first embodiment of 

the invention, 

Fig. 2 shows a graph of the input signal/f requency , associated 
30 with the impedance converter of Fig. 1, 

Fig. 3 is a circuit diagram showing the active impedance 
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converter circuit according to the second embodiment of 
the invention, 

Fig. 4 is a circuit diagram showing the active impedance 
converter according to the third embodiment of the 
5 i n ve n t i on , and 

Fig. 5 schematically illustrates a realized version of the 
impedance converter circuit of Fig. 4. 



DESCRIPTION OF PREFERRED EMBODIMENTS 
10 The active impedance converter circuit according to the present 
invention is included in the termination of a telephone subscriber 
line which presents both complex and resistive impedance. 

The circuit may for example be used in an ADSL splitter where the 
15 line is specified as complex for low frequencies like POTS (0.3 - 
3.4 kHz) and complex or resistive for ADSL frequencies (3 0 - 1100 
kHz) as well as the associated high pass and low pass filters. The 
circuit is designed for so called twisted pair telephone 
transmission lines for delivering two-way service. 

20 

The circuit diagram in Fig. 1 shows a theoretical model of a first 
unbalanced version of the impedance converter. At the left side of 
the diagram, the telephone or the line is represented by an AC 
generator 10 where one of the generator outputs is connected to 
2 5 ground via two resistors 11 and 12 and a capacitor 13 in parallel 
with said resistor 12 which represents the specified complex 
impedance. The other generator output is connected via a first 
branch of the circuit to one end of a first transformer inductor 
coil 14 . 

30 
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A second branch of the circuit i 3 connecCed to an 

ceasing a capacitor 15 which is connecCed ±n ' ^« 

resistor 16 to the inverting incut of a „ 

. 9 lnput of an operational amplifier 17 

This side of the circuit with mi* „ 1L 

with said two branches constitutes the 
complex net side of the circuit. 

The other end of the mil u ,• „ 

18 Thi, h , u connected to ground via a resistor 

18. Th ls side of the circuit represents the resistive net side of 
the cxreuit. e.g. the high pass and the low pass filters. 

The amplifier also comprises a resistor 19 which is connected in 
paralle! with the operational a^lifier 17, the output of which is 
connected via a resistor 20 to one enrt ^ 

co one end °f a second transformer 
inductor coil 21. The other end of the coil • 
rH r-c^t-i «. 1 21 ls connected 

directly to ground. The two transformer inductor coils 14 and 21 
co-operate to form a in transformer. 

The amplifier 15, 16, 17 and 19 provides a gain f - R > ' N 

where J? x is the resistor 19, N is th P hr an =f 

j.^, iv is the transformer ratio 1:1, r. ± s 

the resistor 16 and C 7 is the capacitor 15. 



12 



\ + joR n xC l3 



Accordingly, the impedance 2, 



0UT+ ~ ^IN 



R 2 + 



1 



25 
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Z IN has an equivalent impedance network built with one capacitor C s 
in serial with a resistor R s and both in parallel with a resistor 
R p . This network with a serial network C s has the same relationship 
between the component values, if N=l, as the invention feedback 
5 network R x , R 2/ and C 7 . 

Fig. 2 illustrates the amplitude of the IN-signal (V IN+ ) which is 
about 1 Volt from 0.3 kHz to 1100 kHz. Thus, the IN-impedance is 
equal to the impedance of the generator 11-13. Because the load 18 

10 is resistive the gain increases by frequency and the circuit 
characteristics is dimensioned so that the above described 
impedance converter acts as a controller by manipulating the 
voltage over the transformer 14, 21, so that the electric current 
in the loop becomes similar to the electric current for a complex 

15 termination in accordance with the generator impedance. 

Fig. 3 illustrates a theoretical model of a second, balanced 
version of the impedance converter. The same reference numbers 
have been used for similar components, as in the impedance 
20 converter in accordance with Fig. 1. At the left side of the 
diagram, the telephone or the line is again represented by the AC 
generator 10. The most significant difference lies in that a 
balancing impedance has been provided for the IN- signal by means 
of a third co-operating inductor coil 22 and the amplifier. 

25 

The IN+ voltage of the generator output is, as in Fig. 1, 
connected via the first branch of the circuit to the end of the 
first transformer inductor coil 14 . The second branch of the 
circuit is connected to an amplifier comprising the capacitor 15a 
30 which is connected in series with the resistor 16a to the 
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inverting input of the operational amplifier 17a. The other end of 
the coil 14 is connected to OUT+ via the load resistor 18b. 

The amplifier also comprises the resistor 19a which is connected 
5 in parallel with the operational amplifier 17a, the output of 
which is connected via the resistor 2 0 to one end of a second 
transformer inductor coil 21. The other end of the coil 21 is 
connected to ground. The three transformer inductor coils 14, 21 
and 22 co-operate to form a 2:1:1 transformer. 

n 0 

The IN- impedance 11-13 of the generator output is connected to 
one end of the balancing inductor coil 22. The other end of the 
coil 22 is connected to OUT- and the load resistor 18a. The IN- 
impedance of the generator 10 is also connected to the amplifier 
15 via a capacitor 15b and a resistor 16b to the non- inverting input 
of the operational amplifier 17. A resistor 19b is connected in 
parallel with the operational amplifier 17. 

Fig. 4 illustrates a theoretical model of a third, balanced 
2 0 version of the impedance converter. The same reference numbers 
have been used for similar components, as in the impedance 
converter in accordance with Fig. 1 and 3. At the left side of the 
diagram, the telephone or the line is again represented by the AC 
generator 10. The most significant difference with reference to 
25 the previously described embodiment according to Fig. 3, lies in 
the addition of a second operational amplifier 17b. 

The IN+ voltage of the generator output is, as in Fig. 3, 
connected via the first branch of the circuit to the end of the 
30 first transformer inductor coil 14. The second branch of the 
circuit is connected to the first amplifier comprising the 
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capacitor 15a which is connected in series with the resistor 16a 
to the inverting input of the first operational amplifier 17a. The 
other end of the coil 14 is connected to OUT+ via the load 
resistor 18b . 

5 

The amplifier also comprises the resistor 19a which is connected 
in parallel with the operational amplifier 17a, the output of 
which is connected via the resistor 2 0 to one end of a second 
transformer inductor coil 21. The other end of the coil 21 is 
10 connected to the output of the second operational amplifier 17b. ^> 
The three transformer inductor coils 14, 21 and 22 co-operate to 
f orm a 2:1:1 transformer . 

The IN- impedance 11-13 of the generator output is connected to 
15 one end of the balancing inductor coil. 22. The other end of the 
coil 22 is connected to OUT- and the load resistor 18a. The IN- 
impedance of the generator 10 is also connected to the second 
amplifier comprising the capacitor 15b which is connected in 
series with the resistor 16b to the inverting input of the second 
20 operational amplifier 17b. A resistor 19b is connected in parallel 

with the second operational amplifier 17b. ^ 

Fig. 5 illustrates the realized version of the impedance converter 
circuit of Fig. 4. The three transformer inductor coils 14, 21 and 
25 22 co-operate to form a 1:1:1 transformer. 

The invention is not limited to the above described embodiments, 
instead several modifications may be made within the scope of the 
invention . 

30 
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CLAIMS 

1. An active impedance converter circuit with a first side with 
complex impedance and a second side with complex/resistive 

5 impedance , 

characterized in an amplifier (15, 16, 17, 19; 15a, 
15b, 16a, 16b, 17a, 17b, 19) which is connected to said first side 
of the circuit, and which amplifier is adapted to provide low gain 
for 1 ow frequency signals and to change over to provide more gain 
^ 10 for high frequency signals. 

2. A circuit according to claim 1, 

characterized in that the amplifier comprises a 
capacitor (15; 15a, 15b), a first resistor (16; 16a, 16b), an 
15 operational amplifier (17; 17a, 17b) and a second resistor (19; 
19a, 19b) . 

3. A circuit according to claim 2, 

characterized in that the capacitor (15; 15a, 15b) is 
20 connected in series with the first resistor (16; 16a, 16b), and 
that said first resistor is connected in series with the 
operational amplifier (17; 17a, 17b) which is connected in 
parallel with the second resistor (19; 19a, 19b) . 

25 4. A circuit according to claim 2 or 3, 

characterized in that the capacitor (15; 15a, 15b) 
first acts as a block for direct current, and secondly it is 
dimensioned to function as a provider of reactance. 

30 5. A circuit according to any one of claims 1 to 4 , 
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characterized in that the amplifier is connected to a 
subscriber line via a transmission line bridge comprising three 
co-operating transformer inductor coils (14, 21, 22) for providing 
balancing impedance to said subscriber line. 

5 

6. A circuit according to any one of claims 1 to 5, 
characterized in that the amplifier (15a, 16a, 17a, 
19a) is complemented by an additional amplifier (15b, 16b, 17b, 
19b) . 

10 

7. Use of a circuit according to any of the above claims for 
separating ADSL signals from mixed ADSL and POTS signal 
transmissions along a twisted pair telephone transmission line. 

15 8 - A splitter for splitting a subscriber line into a first 
transmission branch including a low pass filter (18; 18a, 18b) for 
providing telephone service signal transmissions along said 
subscriber^line and a second transmission branch including a high 
pass filter (18; 18a, 18b) for attenuating said telephone service 

2 0 signals and for providing high rate digital data transmissions 
along said subscriber line, said splitter comprising an active 
impedance converter circuit with a first side with complex 
impedance and a second side with complex/ resistive impedance, 
characterized in an amplifier (15, 16, 17, 19; 15a, 

25 15b, 16a, 16b, 17a, 17b, 19) which is connected to said first side 
of the circuit, and which amplifier is adapted to provide low gain 
for low frequency signals and to change over to provide more gain 
for high frequency signals. 

30 9. A splitter according to claim 8, 
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characterized in that the amplifier comprises a 
capacitor (15; 15a, 15b), a first resistor (16; i 6a , 16b) , an 
operational amplifier (17; 17a, 17b) and a second resistor (19 - 
19a, 19b) . 



10. A splitter according to claim 9, 

characterized in that the capacitor (15; 15a, 15b) is 
connected in series with the first resistor (16; 16a, 16b), and 
that said first resistor is connected in series with the 
operational amplifier (l 7; 17a , 17b) which ±s CQnnected 
parallel with the second resistor (19; 19a, 19b) . 



in 



11. A splitter according to claim 9 or 10, 

characterized in that the capacitor (15; 15a, 15b) 
first acts as a block for direct current, and secondly it is 
dimensioned to function as a provider of reactance. 

12. A splitter according to any one of claims 8 to 11, 
characterized in that the amplifier is connected to a 

20 subscriber line via a transmission line bridge comprising three 
co-operating transformer inductor coils (14, 21, 22) for providing 
balancing impedance to said subscriber line. 



13. A splitter according to any one of claims 8 to 12, 
characterized in that the amplifier (15a, 16a, 17a, 
19a) is complemented by an additional amplifier (15b, 16b, 17b 
19b) . 



30 



14. Use of a splitter according to any one of claims 8 to 12, for 
separating ADSL signals from mixed ADSL and POTS signal 
transmissions along a twisted pair telephone transmission line. 
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15. A termination of a twisted pair telephone transmission line 
for delivering two-way service including low frequency band 
telephone signals and high frequency band digital subscriber line 

5 signals, said termination comprising a splitter for splitting a 
subscriber line into a first transmission branch including a low 
pass filter (18; 18a, 18b) for providing telephone service signal 
transmissions along said subscriber line and a second transmission 
branch including a high pass filter (18; 18a, 18b) for attenuating 
10 said telephone service signals and for providing high rate digital 
data transmissions along said subscriber line, said splitter 
comprising an active impedance converter circuit with a first side 
with complex impedance and a second side with complex/resistive 
impedance , 

15 characterized in an amplifier (15, 16, 17, 19; 15a, 
15b, 16a, 16b, 17a, 17b, 19) which is connected to said first side 
of the circuit, and which amplifier is adapted to provide low gain 
for low frequency signals and to change over to provide more gain 
for high frequency signals. 

20 

16. A termination according to claim 15, 

characterized in that the amplifier comprises a 
capacitor (15; 15a, 15b), a first resistor (16; 16a, 16b), an 
operational amplifier (17; 17a, 17b) and second resistor (19; 19a, 
25 19b) . 

17. A termination according to claim 16, 

characterized in that the capacitor (15; 15a, 15b) is 
connected in series with the first resistor (16; 16a, 16b) , and 
30 that said first resistor is connected in series with the 
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operational amplifier (17; 17a, 17b) which is connected in 
parallel with the second resistor (19; 19a, 19b) . 



18. A termination according to claim 16 or 17, 

5 characterized in that the capacitor (15; 15a, 15b) 
first acts as a block for direct current, and secondly it is 
dimensioned to function as a provider of reactance. 

19. A termination according to any one of claims 15 to 18, 

/' 0 characterized in that the amplifier is connected to a 
subscriber line via a transmission line bridge comprising three 
co-operating transformer inductor coils (14, 21, 22) for providing 
balancing impedance to said subscriber line. 



15 20. A termination according to any one of claims 15 to 19, 

characterized in that the amplifier (15a, 16a, 17a, 
19a) is complemented by an additional amplifier (15b, 16b, 17b, 
19b) . 

2 0 21. Use of a termination according to any one of claims 11 to 14, 
for separating ADSL signals from mixed ADSL and POTS signal 
transmissions along a twisted pair telephone transmission line. 
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